PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 




(11) Internationa! Publication Number: 


WO 97/23546 


C08G 65/26, CUD 3/37, C08G 65730 


Al 


(43) International Publication Date: 


3 My 1997 (03.07.97) 



(21) International Application Number: PCT/US96719094 

(22) International Filing Date: 27 November 1996 (27.1 1.96) 



(30) Priority Data: 

08/575.978 



21 December 1995 (21.12.95) US 



(81) Designated States: BR, CA, CN, JP, MX, European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE. IT, LU, 
MC, NL, PT, SE). 



Published 

With international search report 



(71) Applicant: THE PROCTER & GAMBLE COMPANY 

(US/US]; One Procter & Gamble Plaza, Cincinnati, OH 
45202 (US). 

(72) Inventor: GOSSELINK, Eugene, Paul; 3754 Susanna Drive, 

Cincinnati, OH 45251 (US). 

(74) Agents: REED, T., David et al.; Hie Procter & Gamble 
Company, 5299 Spring Grove Avenue, Cincinnati, OH 
45217 (US). 



(54) Tide: A PROCESS FOR ETHOXYLATING POLY AMINES 
(57) Abstract 

A process for preparing low odor, low color, polyethoxylated polyamines is disclosed. The ethoxylated polyamines described herein 
are useful for cleaning compositions comprising soil release agents, dispersents, and other nonionic surface active agents. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


ArmenU 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


CN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Ftuo 


IE 


Ireland 


N2 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KB 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CC 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CI1 


Switzerland 


KZ 


Kazakhiun 


Si 


Slovenia 


CI 


Cote d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


KS 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/23546 PCT/US96/19094 

A PROCESS FOR 
ETHOXYLATING POLYAMINES 



FIELD OF THE INVENTION 

The present invention relates to a process for ethoxylating polyamines, 
especially polyethyleneimines. The compounds of the present invention comprise 
low color, low odor ethoxylated amines suitable for use in cleaning compositions. 
BACKGROUND OF THE INVENTION 

Ethoxylates of polyamines have wide utility in the field of cleaning 
compositions, for example they are useful as soil dispersents and chelators among 
others. When formulating polyamine ethoxylates into laundry detergent 
compositions, a number of factors determine the suitability of the compounds; 
among others are viscosity, odor and color. 

In the past, higher molecular weight polyamines have been difficult to 
ethoxylate especially when a narrow degree of average ethoxylation was desired. 
Longer reaction times and higher process temperatures consistently led to 
degradation products responsible for the formation of unwanted colors and 
malodors. In addition, non-reproducible results led to varying levels of final product 
uniformity which effected the bulk physical properties and thereby hampered 
uniform processing. 

The present invention overcomes many viscosity, color and malodor 
problems associated with the ethoxylation of polyamines. The reduced off-color of 
the final product makes the ethoxylated polyamines prepared by the present process, 
ready for formulation into cleaning compositions comprising other adjunct 
ingredients and further eliminates the need to use fragrances or colorants to disguise 
undesirable properties. 

While not wishing to be limited by theory, the process according to the 
present invention reduces the occurrence of side reactions which result in extensive 
fragmentation of the polyamine backbone or formation of polyethoxylate vinyl 
ethers. The formation of acetaldehyde, which can undergo further chemical 
reactions, such as those leading to conjugated chromophores, is likewise greatly 
reduced. The resulting ethoxylated amines are also uniformly ethoxylated to a 
greater degree and therefore produce a more consistent product. 

Surprisingly, the present process is also adaptable to systems where use of a 
solvent is desirable to the formulator. Use of solvent may be advantageous in 
allowing good mixing during ethoxylation particularly when the polyamine and/or 
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its ethoxylated products have high viscosity in neat form. The use of a solvent in 
some instances can aid in the further processing of the ethoxylated polyamines, 
especially when the product is to undergo subsequent chemical transformations. 
This optional use of a solvent also provides a convenient method of forming certain 
anhydrous base catalysts, for example, sodium t-butoxide can be produced in situ 
when sodium metal is added to a polyamine dissolved in t-butanol. 

Processes for preparing ethoxylated amines are well known in the art, for 
example, U.S. Patent 4,891,160, Vander Meer, issued January 2, 1990 discloses 
methods for ethoxylating diamines, polyamines, and polyalkyleneimines comprising 
an initial step of condensing ethylene oxide with the amine, however, Vander Meer 
fails to disclose the use of solvents or solvent derived (i.e. alkoxide) base catalysts. 

In addition, U.S. Patent 4,551,506, Gosselink, issued November 5, 1985 
discloses the use of a base catalyst, however the disclosed amounts of base catalyst 
used for the U.S. Patent 4,551,506 method is outside the range of the present 
invention. 

It is an object of the present invention to provide a method for ethoxylating 
polyamino compounds wherein the final product has little or no malodor associated 
with it. It is a further object of the present invention to provide a method for 
ethoxylating polyamino compounds wherein color formation is reduced. 

An object of the present invention is to provide a method for ethoxylating 
polyamino compounds wherein a large choice of anhydrous base catalysts are 
suitable for use. It is also an object of the present invention to provide a base 
catalyzed method for ethoxylating polyamines wherein the choice of base catalyst 
allows the formulator to use suitable solvents and catalyst carriers. It is furthermore 
an object of the present invention to provide a method for ethoxylating polyamino 
compounds wherein the final ethoxylated polyamine comprises a narrow range of 
ethoxylation and that due to lower fragmentation rates, a lower polydispersity 
ethoxylated product is obtained. 

BACKGROUND ART 

In addition to the above identified U.S. Patents describing the ethoxylation of 
polyamino compounds, further processes are disclosed in: U.S. Patent 4,622,378, 
Gosselink, issued November 1 1, 1986; EP Application 233,010, Collins, et al M 
published August 19, 1987. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for preparing ethoxylated 
polyamines of the formula: 
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H(OCH 2 CH 2 ) n , 

[[H(OCH 2 CH 2 )n]2N-R] — [n-r]— [N-R]-N[(CH 2 CH 2 0)nH] 2 
z y x 

wherein R is C2-C22 linear alkylene, C3-C22 branched alkylene, Cg-C22 

dialkyisubstituted arylene, C7-C22 substituted arylene, and mixtures thereof; n is 

from about 2 to about 100, x is from 0 to about 300, y is from 0 to about 600, z is 

from 1 to about 300; comprising the steps of: 

a) reacting a polyamine of the formula: 

¥ I 

[h 2 n-r]— [ n -r]-[n-r]-nh 2 

with ethylene oxide, optionally in the presence of a solvent, until the 
average value of n is from about 0.75 to about 1 .25; 

b) adding from about 2% to about 40% of the total 

number of N-H equivalents, of a base catalyst, said base catalyst 
optionally comprising a carrier, 

c) optionally removing the base catalyst carrier by vacuum, heating, or 
combinations thereof; 

d) further reacting the composition from step (b) or step (c) with 
ethylene oxide until the average value of n is from 2 to about 100; 

e) neutralizing the base catalyst; and 

f) optionally removing the solvent 

The ethoxylated polyamines of the present invention are preferably 
polyethyleneimines and are generally suitable for use without further purification. 
The method for preparing the ethoxylated polyamines of the present invention is 
also suitable for preparing ethoxylated polyamines for use in detergent 
compositions, for example, soil dispersants, soil release polymers, non-ionic 
surfactants. 

All percentages, ratios and proportions herein are by weight, unless 
otherwise specified. All temperatures are in degrees Celsius (° C). All documents 
cited are, in relevant part, incorporated herein by reference. 

DETAILED DESCRIPTION OF THE INVENTION 

The methods for preparing ethoxylated polyamines according to the present 
invention involve contacting a polyamine with ethylene oxide, followed by addition 
of a suitable base catalyst, then re-introduction of ethylene oxide into the reaction 
matrix until the desired degree of ethoxylation has been achieved. The steps are 
outlined in more detail as follows. 
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Step a: A polyamine of the formula 

H | 

[h 2 n-r]— [n-r]-[n-r] 7 nh 2 

wherein R is C2-C22 linear alkylene, C3-C22 branched alkylene, Cg-C22 
dialkylsubstituted arylene, C7-C22 substituted arylene, preferably C2-C22 linear 
alkylene, C3-C22 branched alkylene, more preferably C2-Cg linear alkylene* CyC$ 
branched alkylene, still more preferably C2 linear alkylene (ethylene), and C3 
branched alkylene (1,2-propylene), most preferably R is ethylene, x is from 0 to 
about 300, y is from 0 to about 600, z is from 1 to about 300; is reacted with 
ethylene oxide, preferably at a temperature from about 5° C to about 250° C, more 
preferably from about 40° C to about 1 80° C, yet more preferably from about 55° C 
to about 1 50° C, most preferably from about 80° C to about 120° C, until the 
average degree of ethoxylation at each reactive origional -NH site is from about 
0.75 to about 1 .25, preferably from about 0.85 to 1.1, more preferably from 0.95 to 
about 1. 

A solvent may be optionally added during step (a). Suitable solvents for use 
herein are selected from the group consisting of methanol, ethanol, isopropanol, t- 
butanol, benzene, toluene, xylene, polyethylene glycol having a molecular weight 
greater than about 100, polypropylene glycol having a molecular weight of from 
about 100 to about 2000, linear or branched C8-C22 alcohols, alkoxylated linear or 
branched Cg-C22 alcohols, and mixtures thereof 

Step b: A base catalyst is added in an amount from about 2% to about 40% 
of the total number of N-H equivalents present in the polyamine. The base catalyst 
may optionally comprise a base catalyst carrier. Suitable base catalysts are selected 
from the group consisting of sodium hydride, potassium hydride, sodium hydroxide, 
potassium hydroxide, sodium methoxide, potassium methoxide, sodium ethoxide, 
potassium ethoxide, sodium t-butoxide, potassium t-butoxide, sodium metal, 
potassium metal, and mixtures thereof, however this list is not meant to be 
exclusive. Preferred base catalysts are sodium metal and potassium hydroxide 
sodium hydroxide, sodium methoxide and sodium t-butoxide. 

For the purposes of the present invention the term "base catalyst carrier" is 
defined as a medium used for the purposes of safely and quantitatively adding the 
base catalyst. Suitable base catalyst carriers are water, methanol, ethanol, 
isopropanol, t-butanol, and mixtures thereof, however, this list is not meant to be 
exclusive. For example, Sodium hydroxide can be suitably introduced into the 
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reaction process via the carrier water. In addition, sodium hydride and potassium 
hydride may be introduced into the process of the present invention as slurries in 
clear, inert mineral oil. 

Stepc: Any carrier used to introduce the base catalyst is optionally removed 
at this point. The fonmilator may use a vacuum, heating, or a combination of 
heating under a vacuum. Sparging with an inert gas is also a suitable means of 
removing any carrier. However, it is an optional step to remove any carrier present. 

Step d: Ethylene oxide is then further introduced into the reaction vessel 
whereby the contents of the reaction vessel reacts with ethylene oxide, preferably at 
a temperature from about 5° C to about 250° C, more preferably from about 40° C 
to about 180° C, yet more preferably from about 55° C to about 150° C, most 
preferably from about 80° C to about 130° C, until the average degree of 
ethoxylation at each reactive site is from about 2 to about 100, preferably from about 
2 to about 40, more preferably from about 2 to about 20, even more preferably from 
about 2 to about 12, most preferably from about 2 to about 7. 

Step d: The base catalyst is neutralized with any compatible organic or 
inorganic acid. For the purposes of the present invention the term "compatible 
organic or inorganic acid" is defined as any acid that serves the purpose of bringing 
the reaction mixture to a pH suitable for isolation or further processing of the 
reaction products. Examples of suitable acids are the C2-Cg aliphatic acids, mineral 
acids (e.g., HC1, H2SO4), and others such as methanesulfonic acid, however this list 
is not limiting. Neutralization may be conducted to any degree that suffices the 
formulator. 

Step e : During this step of the process of the present invention, any 
solvents or undesired carrier that remains may be removed. This solvent removal 
may be conducted by using the aid of a vacuum, heat, or combinations thereof. 
Stripping gases may also be used to remove volatile solvents. In some cases, 
molecular sieves or zeolites, may be used by the formulator to remove low 
molecular weight solvents and carriers. 

The reactions that comprise the process of the present invention can be 
carried out in any size reaction vessel. The vessel can be typical laboratory 
glassware or stainless steel reactors. The reaction can also be carried out in a glass- 
lined autoclave. The reaction can be conducted on any suitable scale from several 
hundred milligrams to several thousand kilograms. 

Typically the polyamines used for making the ethoxylated polyamines by the 
process of the present invention, can be used without prior purification, however it is 
common practice to purge the amines with an inert gas such a nitrogen or argon 
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prior to heating or contacting with ethylene oxide. The aid of a vacuum for 
removing any undesirable materials formed during storage of the amines is typical 
of standard pre-process procedures. The degree to which the polyamine is pre- 
treated is determined to a large degree by the purity of the starting polyamine. 

Once the polyamine to be ethoxylated has been charged to the reaction 
vessel, a pre-determined amount of ethylene oxide is added. Preferably enough 
ethylene oxide is introduced to react with each reactive -NH- site so that between 
0.75 and 125 moles of ethylene oxide have been added per mole of reactive N-H 
moiety, preferably 0.85 to about 1.05, more preferably from about 0.95 to 1. 

The manner in which the ethylene oxide is introduced into the reaction vessel 
is ultimately left to the formulator, however, certain highly reactive amines may 
cause an initial exothermic reaction and caution is due particularly on a large scale. 
Typically, a vacuum is drawn on the head space of the reaction vessel and ethylene 
oxide is then drawn into the evacuated space through a metered stopcock or pumped 
in as a liquid and the amount is determined by weight difference or flow meters. 
Uniformity of reaction is ensured by sufficient mechanical or magnetic stirring. 

Once the hydroxyethylation reaction has proceeded to between 0.75 and 1.25 
equivalents of ethylene oxide per active -NH- moiety, the base catalyst is added. 
The term "base catalyst" is defined as any base sufficient to de-protonate the 
hydroxyl group of a hydroxyethylated amine moiety. The base catalysts can be 
anhydrous or the base catalysts may be introduced via an aqueous or solvent based 
carrier. Typical anhydrous base catalysts are sodium metal, sodium hydride or 
potassium hydride (especially in combination with mineral oil carrier as a 
dispersion), sodium methoxide, sodium ethoxide, sodium isopropoxide, sodium 
propoxide, and sodium tert-butoxide, however this list is not meant to be exhaustive. 
In addition, sodium methoxide or other suitable alkoxide bases may be formed in 
situ by the addition of an alkali metal to a solution of the hydroxyethylated amine 
dissolved in an appropriate hydroxylic solvent. Sodium t-butoxide solid is also 
suitable for use and does not necessarily have to be formed in situ. 

The contents of the reaction vessel is then further reacted with ethylene oxide 
at a temperature from about 40° C to about 250° C, preferably from about 55° C to 
about 150° C, more preferably from about 80° C to about 120° C, until the average 
degree of ethoxylation at each reactive site is from about 2 to about 100. 

The base catalyst is then neutralized using a suitable acid. Any acid that is 
compatible with the further formulation and processing of the ethoxylated 
polyamine is suitable for use in the present process. A preferred acid is 
methanesulfonic acid. 
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Next, removal of any solvent present in the reaction mixture is accomplished 
by any of the standard methods known by those skilled in the art. Typically, for 
laboratory scale operations under several kilogram, a rotary evaporator is suitable 
for use in removing the solvent. In addition, thin film evaporators are used for 
larger scale batches, however in both cases the solvent may be optionally retained. 

An advantage of the process of the present invention is that it allows the 
formulator to prepare a final product that comprises a mixture of more than one 
laundry product ingredient. Suitable solvents for the process of the present 
invention include polyethylene glycol having a molecular weight greater than about 
100, polypropylene glycol having a molecular weight from about 100 to about 2000, 
and linear or branched Cg-C22 alcohols. The conditions of the present process may 
be adjusted so that these materials may be co-ethoxylated with the polyamine. 
Therefore the formulator may produce a mixture of ethoxylate polyamine with other 
ethoxylated adjunct materials. This step may provide the "intimate mixing" step that 
is often necessary when formulating water soluble and sparsely water soluble 
adjunct detersive ingredients. 

The Number of Moles of Base Catalyst: Determination of 
the Percentage of the Total -NH Equivalents 

In general, the polyamines of the present invention will have a ratio of 
primary amine: secondary amineitertiary amine of about 1:2:1, that is the starting 
polyamines having the general formula 

H | 
[H 2 N-R]— [N-Rj-fN-R^NHa 

wherein R is the same as defined herein above, and generally have the values of x, y, 
and z in the ratio of 1 :2: 1 . In the case of ethoxylating polyamines of the general 
formula 



wherein x is from 0 to about 300, y is from 0 to about 600, and w is from 0 to about 
22, the ratio of x:y will be approximately 1 :2, 

The method for calculating "about 2% to about 40% of the total -NH 
equivalents" is defined as follows. Each -NH function capable of being ethoxylated 
is considered one equivalent. Primary amine moieties, -NH2, comprise two mole 
equivalents of -NH moieties and secondary amine moieties, -NH-, comprise one 
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mole equivalent of -NH moieties. For example, the following polyethyleneimine, 
wherein R is ethylene, having the structure: 



H 2 N S 



H 

I 



I 
H 



I 

H 



H 
I 



N 
I 

H 



N 

S 



H 
I 



H 



N 

I 

H 



H 

I 



V NH 2 



s 



NH 2 

has a molecular weight of approximately 934 gm/mole and comprises 6 -NH2 
moieties and 10 -NH- moieties. The total number of -NH equivalents is: 

2x6-NH 2 = 12 
+ lx!0-NH- = 10 

22 -NH equivalents 
The following table gives an example of the number of grams of catalyst 
needed in step (b) of the process of the present invention for one mole of the 
polyethyleneimine shown above having a molecular of 934 gm/mole (PEI 934). The 
selected levels are 2%, 5%, 25% and 40% of the calculated 22 -NH equivalents 
present in the poiyamine molecule. Calculations are made for four different 
catalysts. 



BASE 


2%of-NH 


5%of-NH 


25%of-NH 


40%of-NH 




moieties 


moieties 


moieties 


moieties 




(0.44 moles) 


(1.1 moles) 


(5.5 moles) 


(8.8 moles) 


NaH MW-24 


10.56 gm 


26.4 gm 


132.0gm 


211.2 gm 


KH MW = 40 


17.6 gm 


44.0 gm 


22.0 gm 


352.0 gm 


CH 3 ONa MW = 54 


23.76 gm 


59.4 gm 


297.0 gm 


475.2 gm 


(CH 3 ) 3 COK MW-112 


49.28 gm 


123.2 gm 


616.0 gm 


985.6 gm 



When the PEI 934, as depicted above, is present in a quantity of one mole, 
then there are present for the purposes of the present invention, 22 moles of N-H 
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equivalents. Therefore 22 moles of a base catalyst would be needed to have a level 
of n 1 00% of the total number of N-H equivalents" of base present. From the table 
above, 2% of the total N-H equivalents requires 0.44 moles of base and 40% of the 
total N-H equivalents requires 8.8 moles of base. 

A further example, is the following polyethyleneimine with a molecular 
weight of approximately 1823 gm/mole having the structure: 




H 



comprising 1 1 -NH2 moieties and 23 -NH- moieties. The total number of -NH 
equivalents is: 

2xll-NH 2 = 22 
+Ix23-NH- =23 

45 -NH equivalents 
The following table gives an example of the number of grams of catalyst 
needed in step (b) of the process of the present invention for one mole of the 
polyethyleneimine shown above having a molecular of 1823 gm/mole (PEI 1823). 
The selected levels are 2%, 5%, 25% and 40% of the calculated 45 -NH equivalents 
present in the polyamine molecule. Calculations are made for four different 
catalysts. 



PC17US96/19094 
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BASE 


2%of-NH 
moieties 
(0.9 moles) 


5%of-NH 
moieties 
(2.26 moles) 


25%of-NH 

moieties 
(11.3 moles) 


40%of-NH 

moieties 
(18.1 moles) 


NaH MW-24 


21.65 gm 


54.3 gm 


271.3 gm 


434.4 gm 


KH MW = 40 


36.08 gm 


90.3 gm 


451.3 gm 


722.4 gm 


CH-iQNa MW = 54 
rCH^COKMW=U2 


48.71 gm 
101.02 gm 


121.8 gm 
253.0 gm 


608.9 gm 
| 1265.0 gm 


974.4 gm 
2024.0 gm 



A further example, is the following polyhexyleneamine with a molecular 
weight of approximately 2393 gm/mole having the structure: 



H 2 N 



H 

I 



h 2 n1 



M 

H 



NH 2 

comprising 7 -NH 2 moieties and 13 -NH- moieties. Hie total number of -NH 
equivalents is: 

2x7-NH 2 =14 
4- 1 v 1 t, -NH- =13 

27 -NH equivalents 
The following table gives an example of the number of grams of catalyst 
needed in step (b) of the process of the present invention for one mole of the 
polyhexyleneamine shown above having a molecular of 2393 gm/mole (PEA 2 93). 

present in the polyamine molecule. Calculations are made for four Afferent 
catalysts. 
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BASE 


2%of-NH 


5%of-NH 


25%of-NH 


40%of-NH 




moieties 


moieties 


moieties 


moieties 




(0.54 moles) 


(1.35 moles) 


(6.75 moles) 


(10.8 moles) 


NaH MW-24 


13.0 gm 


32.4 gm 


162.0 gm 


259.2 gm 


KH MW = 40 


21.6 gm 


54.0 gm 


270.0 gm 


432.0 gm 


CH 3 ONa MW = 54 


29.2 gm 


72.9 gm 


364.5 gm 


583.2 gm 


(CH 3 ) 3 COKMW=112 


60.5 gm 


151.2 gm 


756.0 gm 


1209.6 gm 



The following is an example in which polyethoxylated polyamines are 
prepared according to the method of present invention. 

The ethoxylation is conducted in a 2 gallon stirred stainless steel autoclave 
equipped for temperature measurement and control, pressure measurement, vacuum 
and inert gas purging, sampling, and for introduction of ethylene oxide as a liquid. 
A -20 lb. net cylinder of ethylene oxide (ARC) is set up to deliver ethylene oxide as 
a liquid by a pump to the autoclave with the cylinder placed on a scale so that the 
weight change of the cylinder could be monitored. 

A 750 g portion of polyethyleneimine (PEI) (Nippon Shokubai, Epomin SP- 
018 having a listed average molecular weight of 1800 equating to about 0.417 moles 
of polymer and 17.4 moles of nitrogen functions) is added to the autoclave. The 
autoclave is then sealed and purged of air (by applying vacuum to minus 28" Hg 
followed by pressurization with nitrogen to 250 psia, then venting to atmospheric 
pressure). The autoclave contents are heated to 130 °C while applying vacuum. 
After about one hour, the autoclave is charged with nitrogen to about 250 psia while 
cooling the autoclave to about 105 °C. Ethylene oxide is then added to the 
autoclave incrementally over time while closely monitoring the autoclave pressure, 
temperature, and ethylene oxide flow rate. The ethylene oxide pump is turned off 
and cooling is applied to limit any temperature increase resulting from any reaction 
exotherm. The temperature is maintained between 100 and 1 10 °C while the total 
pressure is allowed to gradually increase during the course of the reaction. After a 
total of 750 grams of ethylene oxide has been charged to the autoclave (roughly 
equivalent to one mole ethylene oxide per PEI nitrogen function), the temperature is 
increased to 1 10 °C and the autoclave is allowed to stir for an additional hour. At 
this point, vacuum is applied to remove any residual unreacted ethylene oxide. 

Next, vacuum is continuously applied while the autoclave is cooled to about 
50 °C while introducing 376 g of a 25% sodium methoxide in methanol solution 
(1.74 moles, to achieve a 10% catalyst loading based upon PEI nitrogen ftinctions). 
The methoxide solution is sucked into the autoclave under vacuum and then the 
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autoclave temperature controller setpoint is increased to 1 30 °C. A device is used to 
monitor the power consumed by the agitator. The agitator power is monitored along 
with the temperature and pressure. Agitator power and temperature values gradually 
increase as methanol is removed from the autoclave and the viscosity of the mixture 
increases and stabilizes in about 1 hour indicating that most of the methanol has 
been removed. The mixture is further heated and agitated under vacuum for an 
additional 30 minutes. 

Vacuum is removed and the autoclave is cooled to 105 °C while it is being 
charged with nitrogen to 250 psia and then vented to ambient pressure. The 
autoclave is charged to 200 psia with nitrogen. Ethylene oxide is again added to the 
autoclave incrementally as before while closely monitoring the autoclave pressure, 
temperature, and ethylene oxide flow rate while maintaining the temperature 
between 100 and 1 10 °C and limiting any temperature increases due to reaction 
exotherrn. After the addition of 4500 g of ethylene oxide (resulting in a total of 7 
moles of ethylene oxide per mole of PEI nitrogen function) is achieved over several 
hours, the temperature is increased to 1 10 °C and the mixture stirred for an 
additional hour. 

The reaction mixture is then collected in nitrogen purged containers and eventually 
transferred into a 22 L three neck round bottomed flask equipped with heating and 
agitation. The strong alkali catalyst is neutralized by adding 167 g methanesulfonic 
acid (1 J4 moles). The reaction mixture is then deodorized by passing about 100 cu. 
ft. of inert gas (argon or nitrogen) through a gas dispersion frit and through the 
reaction mixture while agitating and heating the mixture to 1 30 °C. 

The final reaction product is cooled slightly and collected in glass containers 
purged with nitrogen. 

"In other preparations the neutralization and deodorization is accomplished in 
the reactor before discharging the product. 



WO 97/23546 PCT/US96/19094 

13 

WHAT IS CLAIMED IS: 

1 . A method for preparing elhoxylated polyamines of the formula: 

H(OCH 2 CH^ | 

[[Hcocifccii^ 

wherein R is C2-C22 linear alkylene, C3-C22 branched alkylene, Cg-C22 
dialkylsubstituted arylene, C7-C22 substituted arylene, and mixtures thereof; n is 
from 2 to 100, x is from 0 to 300, y is from 0 to 600, z is from I to 300; comprising 
the steps of: 

a) reacting a polyamine of the formula: 

H I 

[h 2 n-r]^-[n-r]-[n-r]-nh 2 

with ethylene oxide, optionally in the presence of a solvent, until 
the average value of n is from 0 .75 to 1 .25, preferably from 0.85 to 1 . 1 , 

more preferably from 0.95 to 1; 

b) adding from 2% to 40% of the total number of N-H equivalents, a 
base catalyst, said base catalyst optionally comprising a carrier; 

c) optionally removing the base catalyst carrier by vacuum, heating, or 
combinations thereof; 

d) further reacting the composition from step (b) or step (c) with 
ethylene oxide until the average value of n is from 2 to 100, 

preferably from 2 to 40, more preferably from 2 to 20, and most 

preferably from 2 to 7; 

e) neutralizing the base catalyst; and 

f) optionally removing the solvent. 

2. A method according to Claim 1 wherein R is C2-C22 linear alkylene, C3- 
C22 branched alkylene, and mixtures thereof; preferably C2-C$ linear alkylene, 
C3-C5 branched alkylene, and mixtures thereof; more preferably C2 linear 
alkylene, C3 branched alkylene, and mixtures thereof; and most preferably C2 
linear alkylene. 



3 . A method according to either of Claims 1 or 2 wherein step (a) is 
conducted at a temperature of from 5° C to 250° C, preferably from 40° C to 1 80° 
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C, more preferably from 55° C to 150° C, and most preferably from 80° C to 120° 

C. 

4. A method according to any of Claims 1 - 3 wherein step (d) is conducted at 
a temperature of from 5° C to 250° C, preferably from 40° C to 1 80° C, more 
preferably from 55° C to 150° C, and most preferably from 80° C to 120° C. 

5. A method for ethoxylating a polyamino compound having the formula: 



wherein w is from 0 to 20, preferably from 0 to 12, more preferably from 0 to 6, 
most preferably 0 or 1, x is from 0 to 300 and y is from 0 to 600; comprising the 
steps of: 

a) reacting said polyamino compound with ethylene oxide at a 
temperature of from 5° C to 250° C, preferably from 40° C to 1 80° C, more 
preferably, from 55° C to 150° C, most preferably from 80° C to 120° C, 
optionally in the presence of a solvent, until the average degree of ethoxylation is 
from 0.75 to 1.25, preferably from 0.85 to 1.1, more preferably from 0.95 to 1 ; 

b) adding from 2% to 40% of the total number of N-H equivalents, a 
base catalyst, said base catalyst optionally comprising a carrier; 

c) optionally removing the base catalyst carrier when a base catalyst 
carrier is present by means of a vacuum, heating, or combinations thereof; 

d) reacting additional ethylene oxide with the polyamino compound of 
step (b) or step (c) until said polyamino compound has an average degree of 
ethoxylation of from 2 to 50, preferably from 2 to 15, more preferably from 5 to 
10, at a temperature of from 5° C to 250° C, preferably from 40° C to 1 80° C, 
more preferably from 55° C to 150° C, and most preferably from 80° C to 120° C; 

e) optionally neutralizing the base catalyst; and 

f) optionally removing the solvent. 

6. A method according to any of Claims 1 - 5 wherein the base catalyst is 
selected from the group consisting of sodium hydride, potassium hydride, sodium 
hydroxide, potassium hydroxide, sodium methoxide, potassium methoxide, sodium 
ethoxide, potassium ethoxide, sodium t-butoxide, potassium Ubutoxide, sodium 
metal, potassium metal, and mixtures thereof. 
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7. A method according to any of Claims 1 - 6 wherein the base catalyst carrier 
is selected from the group consisting of water, methanol, ethanol, isopropanol, t- 
butanol, and mixtures thereof. 

8. A method according to any of Claims 1 - 7 wherein the solvent is methanol, 
ethanol, isopropanol, t-butanol, benzene, toluene, xylene, polyethylene glycol 
having a molecular weight greater than 100, polypropylene glycol having a 
molecular weight of from 100 to 2000, linear or branched Cg-C22 alcohols, 
alkoxylated linear or branched Cg-C22 alcohols, and mixtures thereof 



INTERNATIONAL SEARCH REPORT 



ln» oonal Application No 

PCT/US 96/19094 



1 pn M,F «65/26 B,ECT C11D3/37 CG8G65/3G 




Lm^r^uo'^carched (da^ncahon .yactn followed by c.^..c Wn .ymboU) 

IPC 6 C08G CUD 



bocumentanon searched other than minimum documentation to i 



Electronic data base consulted during the 



■intern.***! search (name of database and. where pracncal. s«rch term, used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



C«egory • | CSUBoo of document. With indication, where appropriate, of the relevant 



WO 95 32272 A (PROCTER & GAMBLE) 30 
November 1995 
see example 2 

see page 7, line 26 - line 37 

EP 0 112 593 A (PROCTER & GAMBLE) 4 July 
1984 

cited in the application 
see page 14, line 1 - line 15 

EP 0 539 819 A (BASF AG) 5 May 1993 
see example 1 ... Q 

see page 5, line 44 - page 6, line 8 

-/-- 



1-8 



1-8 



1-8 



Further documents ire listed tn the continuation of box C. 

Special catepmej of cited document! : 

A" document denning the general mte of the art which is not 

ionndaed to be of particular relevance 
E- eart.er document but published on or after the international 

citation or other special reason (as specified) 
O* document referring to an oral disclosure, use, odnbmon or 
other means 

r document published pnor to the interna* oruJ filing oat* but 
later than thVpnority daw claimed 



0 



Ut _- rfftcumcnt oublished after the international filing date 
^on^ P and^rm conflict with the apri^onbut 

ateTto uLerrtand the principle or theory underlying (he 

invention 

document of particular relevance; the dain^d mvenaon 
Smotbe eoSdered novel or cannot be considered to 
ntvolvx an inventive step when the document ts taken alone 
document of particular relevance; the claimed invention 
^anoTbe coSdered to involve an »nvenuve«e^h«nme 
document k combined with one or more ouieriuch door 
mcnts, such combination being obvious to a person skilled 
in the art 

document member of the same patent fmuly 



Date of the actual completion 



of the international search 



27 February 1997 



Date of mailing of the international search report 

1 2. 03. 97 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel ( + 31-70) 140.2040, Tx. 31 651 epo nl. 
Fax ( + 31-70) 340-3016 



Authorized officer 



O'Sullivan, T 



Form PCT/ISA/JIO imoni «h«i) I** ,mj 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



In* UonaJ Application No 

PCT/US 96/19094 



C<Conrinua&on) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. Oil, no. 361 (C-459), 25 November 

1987 

& JP 62 131020 A (NIPPON OIL & FATS CO 
LTD) , 13 June 1987, 
see abstract 

US 3 251 778 A (DICKSON W.J. ET AL) 17 May 
1966 

see column 10, line 50 - line 62 



1-8 



1-8 



1 



Form PCT/1SA/210 (continue cion of ttxxmd thmi) (July 1993) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family r 



In* -ttonai Application No 

Ptf/US 96/19094 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 9532272 A 



30-11-95 



AU 
CA 
US 



2387095 A 
2189749 A 
5565145 A 



18-12-95 
30-11-95 
15-10-96 



EP 0112593 


A 


04-07-84 


US 


4597898 A 


01-07-86 








AU 


575034 B 


21-07-88 








AU 


2280283 A 


28-06-84 








CA 


1220395 A 


14-04-87 








EG 


17032 A 


30-10-93 








GB 


2133415 A,B 


25-07-84 








GB 


2175597 A,B 


uj LC OO 








GB 


2180249 A,B 


25-03-87 








HK 


58390 A 


10-08-90 








HK 


58790 A 


10-08-90 








HK 


74590 A 


28-09-90 








JP 


1773204 C 


14-07-93 








JP 


4054719 B 


01-09-92 








JP 59166598 A 


19-09-84 








US 


4891160 A 


02-01-90 








CA 


1213286 A 


28-10-86 


EP 0539819 


A 


05-05-93 


DE 


4135588 A 


06-05-93 








CA 


2080516 A 


30-04-93 








JP 


5214091 A 


24-08-93 








US 


5476969 A 


19-12-95 


US 3251778 


A 


17-05-66 


NONE 





Form PCTASA/110 {pntni fim.lv «nnu) (July 1992) 



